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(54) 

(57) . There is provided a system for identifying elec- 
trode members of a split tip electrode in contact with my- 
ocardium comprising: 

a split tip electrode catheter comprising: 

an elongated catheter body having a proximal 
and distal end and at least one lumen extending 
therethrough; 

a catheter tip section at the distal end of the 
catheter body comprising a section of flexible 
tubing having proximal and distal ends and at 
least one lumen therethrough, the proximal end 
of the flexible tubing being fixedly attached to 
the distal end of the catheter body, said catheter 
tip section further comprising a split tip elec- 
trode which comprises at least two electrically 
Isolated electrode members fixedly attached to 
the distal end of the flexible tubing, wherein 
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each electrode member has a pair of interior 
flat sides and an exterior contact surface, and 
. further wherein each interior flat side is adja- 
cent to an interbr flat side of another electrode 
member and electrically isolated therefrom; 

at least one reference electrode attachable to the 
exterior of a patient; 

a low level RF impedance current generator for de- 
livering said current to each electrode member of 
the split tip electrode; and 
a programmable signal processor for receiving 
electrical signals indicative of the impedance be- 
tween each of the electrode members of the split tip 
electrode and the at least one reference electrode, 
said signal processor being programmed to identify 
the electrode member(s) associated with the high- 
est Impedance slgnal(s) received as the electrode 
member(s) in contact with the myocardium. 
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SUMMARY OF THE INVENTION 



Description 

FIELD OF THE INVENTION 

[0001] This invention relates to an electrophyslology 
catheter system having a split tip electrode catheter and 
a signal processing system for providing a safe and ef- 
fective RF ablation of the heart tissue. 

BACKGROUND OF THE INVENTION 

[0002] The heart has a natural pacemaker and con- 
duction system which causes the heart muscle to con- 
tract, or beat, in an orderly rhythmical manner. The nor- 
mal pacing rate for an adult at rest is about 60 to 70 
beats per minute. There are many physiologic abnor- 
malities which cause one or more chambers of the heart 
to beat more rapidly (tachycardia or flutter) or chaotically 
(fibrillation). A patient cannot live with ventricular fibril- 
lation because there would be no blood pumped through 
the arteries, but may live with atrial fibrillation so long as 
the chaotic impulses are filtered out at the AV node and 
do not reach the ventricals. A patient may also live with 
atrial flutter and various forms of tachycardia but quality 
of life may be considerably compromised. 
[0003] Many of these antiythmias can be treated ef- 
fectively by ablation using radio-frequency (RF) energy. 
Other arrhythmias are less effectively treated, requiring 
more RF lesions for a successful outcome or resulting 
in no successful outcome. RF ablation Is performed with 
a catheter having one or more electrodes which deliver 
the RF energy to the cardiac tissue. In operation the 
catheter Is guided through a vein or artery into the heart 
chamber and positioned at one or more sites, deter- 
mined by an electrophyslologist. to correct the arrtiyth- 
mia. The catheter delivers energy from an external 
source (generator) to the tissue, generating sufficient 
heat to kill the tissue, which is thereafter replaced by 
scar tissue. In a successful ablation procedure, the le- 
sions fonned interrupt the electrical pathways that 
cause the arrhythmia so that heart rhythm is improved 
or returns to normal. 

[0004] During ablation, it is important to control the 
temperature of the tissue, both at the tissue surface and 
below. It the surface temperature becomes excessive, 
dehydration and charring results. Charred tissue 
presents a dangerous situation as It may flake off result- 
ing in blockage of a blood vessel. Excessive heating be- 
low the surface is also dangerous as it may result in a 
■steam pop.' A "steam pop" occurs when deep tissue is 
heated to a temperature sufficient to boil the water of 
the tissue which creates a steam bubble within the tis- 
sue. Such a steam bubble erupts through the surface of 
the myocardium with substantial force. This eruption 
can typically be heard as a "pop" by the eleclrocardiol- 
ogist. 



[0005] The present invention provides an improved 
system and method for ablating myocardial tissue. The 

5 system comprises an electrophyslology catheter having 
a split tip electrode at its distal end. The split tip elec- 
trode preferably comprises a tip electrode assembly 
having two or more orthogonally arranged electrode 
members. In a preferred embodiment, there are five 

10 electrode members which comprise the split tip elec- 
trode. The electrode members are arranged so that four 
of the members form sectors of a hemisphere and the 
fifth forms a ring behind the four member hemisphere. 
The split tip electrode catheter preferably comprises 

IS means for passing a fluid, e.g., saline, through each of 
the electrode members for cooling the electrode mem- 
bers during ablation. A particularly preferred irrigated 
split tip electrode is disclosed in concurrently filed Eu- 
ropean patent application No. 

20 claiming priority from USSN 09/205116 (Attorney's ref: 
P023306EP), which is incorporated herein by reference. 
[0006] The system further comprises means, electri- 
cally connected to each of the electrode members of the 
split tip electrode, for receiving electrical signals from 

^5 each of the electrode members and for generating a 
record and/or display indicative of those signals, prefer- 
ably an electrogram. 

[0007] Also electrically connected to each of the elec- 
trode members of the split tip electrode is a means for 

30 measuring the electrical impedance between each elec- 
trode member and a reference electrode to determine 
which of the electrode members are In contact with the 
myocardium. The impedance measuring means com- 
prises an RF generator for generating a low level RF 

35 electrical signal, preferably about 2 microamperes at a 
frequency of about 50 KHz, means for delivering the low 
level RF current to each of the electrode members, at 
least one reference or indifferent electrode, e.g., a skin 
patch electrode, and preferably means for generating a 

40 record and/or display of the impedance between each 
electrode member and the reference electrode(s). 
[0008] Means are also provided for delivering an ab- 
lating RF current to one or more of the electrode mem- 
bers of the split tip electrode for ablating myocardial tls- 

45 sue in contact with those electrode members. Such 
means comprises an RF generator for generating RF 
current sufficiently strong to ablate heart tissue. Pre- 
ferred ablating currents are from about 0.25 to about 1 .0 
amperes at about 400 KHz to about 700 KHz, more pref - 

so erably about .5 to .75 amperes at 500 KHz. A signal 
processor is provided for activating the RF generator to 
transmit the low level RF current to each of the electrode 
members of the split tip electrode and for comparing the 
impedances associated with each electrode member of 

ss the split tip electrode to detemnine whk:h electrode 
member(s) is (are) associated with the highest imped- 
ance. This allows the identification of the electrode 
members in contact with the myocardium as those elec- 
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ii^Je members vvlli be associaled with a higher imped- 
ance than those electrode members in contact only with 
the blood pool. The signal processor also activates the 
RF generator to selectively transmit RF ablation current 
to only those electrode members in contact with the my- 
ocardium. 

[0009] It is preferred that the system comprise an irri- 
gated split tip electrode catheter and a metering pump 
for punfiping a cooling fluid through the catheter to cool 
the ablating electrode(s) during ablation. In such an em- 
bodiment, it is also preferred that the signal processor 
be capable of activating the pump and the RF generator 
intennittently so that there are periods of no irrigation 
and RF ablation energy between periods wherein RF 
ablation energy and cooling fluid are delivered to the ab- 
lation electrodes. 

[0010] In a preferred embodiment of the invention, the 
ablation system further comprises an irrigated split tip 
electrode catheter and means for monitoring the surface 
and/or subsurface and temperatures of the tissue being 
ablated. Preferred surface temperature monitoring 
means comprises a thermocouple or thermistor coupled 
to each electrode member of the split tip electrode for 
generating an electrical signal indicative of the temper- 
ature of the electrode members in contact with the my- 
ocardium and signal processor intermittently activating 
and deactivating the RF ablation current generator and 
the irrigation pump. During the deactivated periods, the 
electrode temperature reaches the approximate surface 
temperature of the tissue being ablated and Is therefore 
an estimate of the tissue temperature at the tissue-elec- 
trode interface. Preferred sub-surface temperature 
monitoring means comprises impedance monitoring 
means for monitoring the impedance associated with 
the electrode members of the split tip electrode, and es- 
timating the maximum deep tissue temperature from the 
impedance measurements. Preferably, means are also 
provided for automatically reducing the amount of RF 
current delivered to the selected electrode members 
when the temperature and/or Impedance reaches pre- 
determined levels to prevent excessive surface or deep 
tissue temperature rise. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 Is a schematic diagram showing pre- 
ferred irrigated split tip electrode catheter and signal 
processing RF ablation system. 
[0012] FIG. 2 is a transverse cross-sectional view of 
the catheter body along line 2-2 in FIG. 1 . 
[0013] FIG. 3 is a perspective view of the tip section 
of the preferred irrigated split tip electrode catheter of 
FIG. 1. 

[0014] FIG. 4 is an exploded perspective view of the 
tip section of the preferred irrigated split tip electrode of 
FIG, 1. 

[0015] FIG. 5 is a side view of the split tip electrode 
of the catheter of FIG. 1 . 



^0016] FIG. 6 is a cut-away j^urspective view oi the 
proximal portbn of the composite electrode of the cath- 
eter of FIG. 1 showing the connection of the electrode 
lead and safety wires. 

s [0017] FIG. 7 is a longitudinal cross-sectional view of 
the catheter tip section of the embodiment of FIGS. 1 ♦o 
6 in which the infusion tube comprises two sections. 
[0018] FIG. 8 is a longitudinal cross-sectional view of 
a tip section of a preferred embodiment of the invention 

10 which does not comprise a bridge tubing; 

[0019] FIG. 8A is a longitudinal cross-sectional view 
of a portion of the tip section of FIG. 8 showing a pre- 
ferred means for anchoring puller wires to the side wall 
of the tubing of the tip section. 

IS [0020] FIG. 9 is a longitudinal cross-sectional view of 
the tip section of a preferred embodiment of the inven- 
tion in which the split tip electrode does not include a 
cup electrode. 

[0021] FIG. 10 is a longitudinal cross-sectional view 
20 of the tip section of another emtxxliment of the invention 
similar to FIG. 9, in which the split tip electrode includes 
a ring electrode. 

[0022] FIG. 11 is a longitudinal cross-sectional view 
of the tip section of another preferred embodiment of the 
2S Invention including an electromagnetic sensor. 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] With reference to FIG. 1, there is shown a 
30 schematic diagram of a preferred system for mapping 
electrical signals in the heart to locate aberrant electrical 
pathways and to ablate heart tissue to interrupt such ab- 
errant electrical pathways. The system comprises a split 
tip electrode catheter 10. preferably an irrigated split tip 
55 electrode catheter, as shown, one or more reference or 
indifferent electrodes 5. a signal processor 6, an RF cur- 
rent generating unit 7, a monitor 8 and or display, and a 
pump 9 for pumping a fluid into and through an infusion 
tube In the catheter 
40 [0024] The catheter 1 0 comprises an elongated cath- 
eter body 1 1 and a tip section 1 2 at the distal end of the 
catheter body 1 1 and a control handle 1 3 at the proximal 
end of the catheter body 11 . The catheter body 1 1 com- 
prises an elongated tubular construction having a sin- 
46 gle, central or axial lumen 25. The catheter body 11 is 
flexible, i.e., bendable, but substantially non-compress- 
ible along Its length. The catheter body 11 can be of any 
suitable construction and made of any suitable material. 
A presently preferred construction comprises an outer 
so wall 1 5 made of a polyurethane or the like and an inner 
stiffening tube 19. The outer wall comprises an imbed- 
ded braided mesh of stainless steel or the like to in- 
crease torsional stiffness of the catheter body 11 so that, 
when the control handle 13 is rotated, the tip section of 
ss the catheter 10 will rotate in a corresponding manner. 
The outer diameter of the catheter body 11 Is not critical, 
but is preferably no more than about 8 trench. Likewise 
the thk^kness of the outer wall is not critical. 
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j,J025] The inner surface of the outer wail is lined wilh 
a stiffening tube 19, which can be made of any suitable 
material, preferably polylmide. The stiffening tube 19, 
along with the braided outer wall 15. provides improved 
torsional stability while at the same time minimizing the s 
wall thickness of the catheter, thus maximizing the di- 
ameter of the single lumen. The outer diameter of the 
stiffening tube 1 9 is about the same as or slightly smaller 
than the inner diameter of the outer wall. Polyimide tub- 
ing is presently preferred because it may be very thin io 
walled while still providing very good stiffness. This max- 
imizes the diameter of the central lumen without sacrl^ 
ficing strength and stiffness. 

[0026] A particularly preferred catheter body 11 has 
an outer wall with an outer diameter of about 0.092 inch is 
and an inner diameter of about 0.063 inch and a poly- 
imide stiffening tube having an outer diameter of about 
0.061 inch and an inner diameter of about 0,052 Inch. 
[0027] As shown in FIG. 2, extending through the lu- 
men are an Infusion lube 1 4, a plurality of electrode lead 20 
wires 16, having an insulation coating, and a compres- 
sion coil 17 in surrounding relation to a puller wire 18. 
[0028] An enlarged side view of the tip section 12 is 
shown in FIGs. 3 and 4. The tip section comprises a split 
tip electrode 20 comprising a "quad" tip electrode, i.e. a 2S 
four member tip electrode assembly 30 and a cup elec- 
trode 36. The tip section 12 further comprises a bridge 
tubing 22 and a section of flexible tubing 24. The tubing 
24 is made of a suitable non-toxic material which is pref- 
erably more flexible than the catheter body 1 1 . A pres- 30 
ently preferred material for the tubing 24 is braided pofy- 
urethane. i.e., polyurethane with an embedded mesh of 
braided stainless steel or the like. The outer diameter of 
the tip section 12, like that of the catheter body 11, is 
preferably no greater than about 8 f ranch. The proximal 35 
end of the flexible tubing 24 is attached to the distal end 
of the catheter body 1 1 by any suitable means. One such 
means is described in U.S. Patent No. 08/924.339 to 
Ponzi. which is incorporated herein by reference. 
[0029] In the embodiment shown, the flexible tubing 40 
24 has three off axis lumens, a first lumen 26 through 
which the infusion tube 14 extends, a second lumen 27 
through which the electrode lead wires 1 6 extend and a 
third lumen 28 through which the puller wire 18extends. 
The diameter of the three lumens may be the same or 45 
may differ a desired. The presently preferred diameters 
of the first, second and third lumens are about 0.035 
inch, about 0.022 inch and about 0.022 inch. The jength 
of the flexible tubing is not critical but is pref erably'about 
2 to 3 inches. The distal end of the flexible tubing is re- so 
cessed or stepped down to form a distal stem 29 which 
fits into the proximal end of the bridge tubing 22. 
[0030] With reference to FIG. 4, the quad tip electrode 
30 has a distal portion 31 having an exterior surface with 
a preferably rounded or bullet shaped distal end, and a ss 
proximal portion 32 which fomris a recessed stem. The 
outer diameter of the distal portion 31 is preferably 8 
f rench or less. The overall length of the distal portion is. 



not critical but is sufficient lor ablation. A presently pre- 
ferred length is about 2.5 mm. 
[0031] The quad tip electrode 30 comprises four elec- 
trode members 33. Each electrode member 33 compris- 
es a pair of flat interior surfaces and an exterior surface. 
The electrode members 33 are arranged with each flat 
side of each electrode member adjacent to a flat side of 
another electrode member, separated therefrom by in- 
sulation 34, preferably high-temperature epoxy. To fa- 
cilitate the connection of electrode and lead wires 16, 
each electrode member 33 further comprises an elec- 
trode lead bore 42 in its proximal end generally parallel 
to the axis of the catheter body 11 . 
[0032] Each of the electrode members 33 can be of 
any suitable construction and is preferably made of plat- 
inum. It is understood that the number, shape and vari- 
ous dimensions of the electrode members 33 are not 
critical and may be varied as desired. 
[0033] The cup electrode 36 is hollow and comprises 
a generally cylindrical side wall 37 and a generally flat 
proximal end wall 38. The distal portion of the side 37 
wall has an exterior surface 39 forming a ring electrode. 
The proximal portion of the side wall 37 is recessed. The 
stem 32 of the quad tip electrode 30 is received and se- 
cured within the hollow interior of the cup electrode 36, 
by polyurethane glue or the like which electrically insu- 
lates the composite tip electrode 30 from the cup elec- 
trode 36. 

[0034] The quad tip electrode 30 comprises a central 
irrigation channel 40, formed for example by drilling, for 
receiving the distal end of the infusion tube 1 4. The cen- 
tral irrigation channel 40 extends axially from the proxi- 
mal end of the quad tip electrode 30 to about the mid- 
point of the quad tip electrode 30. There, the channel 
40 divides into four generally transverse branches 41, 
each branch extending distally and radially, e.g. , at a 45* 
angle, through a separate electrode member 33. The 
diameters of the central channel 40 and branches 41 
are not critk:al. A presently preferred composite tip elec- 
trode has a central irrigation channel 40 having a diam- 
eter of about 0.5 mm and four branches 41 , each having 
a diameter of about 0.4 mm. 
[0035] It is to be understood that the size and number 
of channels and/or branches may vary as desired. For 
example, each electrode member may have a plurality 
of branches rather than a single branch. Each branch 
may comprise secondary branches if desired. Rather 
than defined branches, the electrode members may be 
made of a porous material, e.g. as described in U.S. Pat- 
ent Nos. 5,643.197, and 5.462.521, which are incorpo- 
rated herein by reference. 

[0036] If desired, less than all of the electrode mem- 
bers may have irrigation branches or channels. For ex- 
ample, if only one or two of the electrode members 33 
are intended for delivering RF energy during an ablation 
procedure, it may be desired that only those electrode 
members 33 comprise irrigation branches or channels. 
[0037] The cup electrode 36 comprises a plurality of 
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pai>s-ii ifough bores 54 for allowing insulated eleclrode 
lead wires 16 for each of the electrode members 33 of 
the quad tip electrode 30 to pass through the proximal 
end wall 38 of the cup electrode 36 when the electrode 
catheter is fully assembled. Each of the pass-through 
bores 54 are generally parallel tothe axis of the catheter 
body 11. are aligned with an associated electrode lead 
bore 42, and are equally spaced about the proximal end 
of the cup electrode 36. Tof urther insulate the cup elec- 
trode 36 from the quad tip electrode 30, each of the 
pass-through bores 54 has a meniscus insulator with a 
hole defined therethrough, as shown and described in 
U.S. patent applicatbn Serial No. 08/726,380 to Web- 
ster, Jr, which is incorporated herein by reference. The 
meniscus insulator precludes the electrical contact of 
the associated electrode lead wire 16 with the cup elec- 
trode 36. 

[0038] In the embodiment shown, the cup electrode 
36 further comprises an axial hole with a proxlmally ex- 
tending cylindrical flange 51 around the hole. The distal 
portion of the infusion tube 14 extends through the 
flange 51 and axial hole and into the central irrigation 
channel 40 of the quad tip electrode 30 where it Is fixedly 
secured by polyurethane glue or the like. 
[0039] The flange 51 has a transverse hole 53 at 
about its mid-point. An electrode lead wire 1 6 and a pair 
of safety wires 56 are fixedly attached to the stem 51 of 
the cup electrode 36. A preferred method of attaching 
the electrode lead wire 16 and safety wires 56 is shown 
in FIG. 6. The electrode lead wire 16 and safety wires 
56 are inserted into the flange 51 . passed out through 
the hole 53 and wrapped, preferably 1 -1/2 times, around 
the flange 51 . They are then soldered into place. The 
proximal end of the safety wires may be secured e.g. by 
polyurethane glue or the like anywhere in the tip section 
12 proximal tothe bridge tubing 22. 
[0040] The cup electrode 36 can be of any suitable 
construction and is preferably made of platinum. The di- 
mensions of the cup electrode are not.critical. In a pres- 
ently preferred embodiment, the length of the cup elec- 
trode 33 is about 0.13 inch, the depth of the cavity 50 
about 0.08 inch, the outer diameter about 0.09 inch with 
a cavity diameter of about 0.08 inches. 
[0041 ] The bridge tubing 22 is made of a short section 
of rigid tubular plastk;, preferably PEEK (potyetherether- 
ketone), and has an outer diameter about the same as 
flexible tubing 24 of the tip section 12 and an inner di- 
ameter about the same as the recessed proximal portion 
of the cup electrode 36 and the recessed distal potion 
of the flexible tubing 24. The bridge tubing 22 connects 
the split tip electrode 20 to the flexible tubing 24. At its 
distal end, the bridge tubing 22 receives the recessed 
proximal portion of the cup electrode 36 which is se- 
cured therein by polyurethane glue or the like. At its 
proximal end, the bridge tubing 22 receives the re- 
cessed distal end of the flexible tubing 24 which is also 
secured therein by polyurethane glue or the like. 
[0042] The length of the bridge tubing 22 is selected 



io provide a gap wilnin the inlerior o( it\e bridge luo'ing 
22 between the proximal end of the cup electrode 36 
and the distal end of the flexible tubing 24. The gap is 
sufficiently long to allow space for the infusion tube 14 
s to bend or cun/e from the off -axis lumen 26 in the flexible 
tubing 24 into alignment with the axial hole and flange 
51 in the cup electrode 33. The electrode lead wires 16 
extend out of off-axis lumen 27 in the flexible tubing 24 
to separate pass-through bores 54 in the cup electrode 
36 and to the flange 51 of the cup electrode 33. A bridge 
tubing 22 having a length of about 6 to about 7 mm and 
providing a gap of about 1 to about 2 mm is presently 
preferred. It is understood that the bridge tubing may be 
made of any suitable, generally rigid plastic which can 
withstand the temperature reached during an ablation 
procedure without significant, i.e., detrimental, defomia- 
tlon. 

[0043] The infusion tube 1 4 may be made of any suit- 
able material. Polylmide Is presently preferred It may 
be a single elongated tube which extends through the 
catheter body 11 through the first lumen 26 of the tip 
section 12, though the bridge tubing 22 and cup elec- 
trode 36 and into the irrigation channel 40 of the quad 
tip electrode. Alternatively, as shown in Fig. 7, the infu- 
sion tube 14 may comprise two sections, a proxinrial sec- 
tion which extends through the catheter body 1 1 and into 
the proximal end of the first lumen 26 of the tip sectbn, 
the distal end of the proximal infusion tube sectbn being 
secured in the first lumen 26 by polyurethane glue or the 
like. A second section of the infusion tube extends from 
the distal end of the first lumen 26 of the tip sectbn 12, 
where it is secured by polyurethane glue or the like, 
through the bridge tubing 22 and flange 51 of the cup 
electrode 36 and into the central irrigation channel 40 of 
the quad tip electrode. 

[0044] The proximal end of the infusion tube 14 ex- 
tends out of a sealed opening in the side wall of the cath- 
eter body and temninates in a Luer hub or the tike. Al- 
ternatively, the infusion tube 1 4 may extend through the 
control handle 1 3 and terminate in a luer hub or the like 
at a location proximal to the handle. In either such ar- 
rangement, fluids, e.g., saline, may be introduced into 
and passed through the infusbn tube 14 and into and 
through the electrode members 33 of the composite tip 
30 to cool the electrode members 33 during an ablation 
procedure. It is understood that other fluids, e.g., drugs, 
may also be passed through the infusion tube and out 
composite tip if desired. In a particularly preferred em- 
bodiment, the infusion tube is made out of thin walled 
polyamide tubing. It is understood that any suitable ma- 
terial nnay be used. Preferably having an outer diameter 
about the same as or slightly smaller than the diameter 
of the first lumen 26 of the tip section 1 2. 
[0045] In a preferred embodiment, the electrode lead 
wires 16 associated with each electrode member 33 of 
the composite tip electrode 36 and cup electrode 36 is 
one wire of a pair of wires of dissimilar metals. The pres- 
ently preferred wire pair is an enameled copper/con- 
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siantan wire pair comprising a copper wire, having a 
thickness of about 0.003" and a constantan wire, having 
a thickness of about 0.003". enameled to the copper 
wire. Such an enameled wire pair is described in U.S. 
Patent Application Serial No. 08/742,352 to Webster, Jr. s 
which is incorporated herein by reference. In this con* 
figuration, the constantan wire, which has high strength 
supports the copper wire which is soft and fragile. Be- 
cause the leads are constructed out of two different 
types of wire, the leads also serwe as a thermocouple io 
for measuring the temperature of the electrode. It is un- 
derstood that any temperature monitoring means, e.g., 
a themnistor, a wire pair used exclusively as a thermo- 
couple, may be used as desired. The leads 16 may also 
be used to interrupt power delivery in case of irrigation is 
failure. The leads 16 extend into the electrode lead 
bores 42 of the electrode members 33 and are fixedly 
attached thereto by any suitable means, e.g., soldering 
or welding. 

[0046] If desired, the irrigated split tip catheter of the 20 
present invention may comprise one or more ring elec- 
trodes 58 as shown, for example in Fig. 3. Attachment 
of electrode lead wires to such ring electrodes may be 
accomplished by any suitable means and/or procedure. 
A presently preferred procedu re for attaching electrode 2S 
leads to a ring electrode is described in U.S. Patent Ap- 
plication Serial No. 08/742,352 to Webster, Jr 
[0047] The puller wire 18 extends from the control 
handle 13 through the lumen 20 of the catheter body 11 
and Into the third off axis lumen 28 of the flexible tubing 30 
24 of the tip section 12. The puller wire 18 is made of 
any suitable metal, such as stainless steel or Nitinol, and 
is preferably coated with TeflonOor the like. The coating 
Imparts lubricity to the puller wire 18. The puller wire 18 
preferably has a diameter ranging from about 0.006 to 35 
about 0.010 inches. The distal end of the puller wire 18 
is anchored at or about the distal end of the flexible tub- 
ing 24 by any applicable means. A presently preferred 
means for anchoring the distal end of the puller wire is 
described in U.S. Patent Application Nos. 09/134.009 40 
and 09/099,769 to Webster, Jr, both of which are incor- 
porated herein by reference. Briefly, the puller wire 18 
comprises a T-bar anchor which is fixedly attached to 
the distal end of the puller wire. The crossbar of the T- 
bar anchor lies outside of the distal end of the third off- 4S 
axis lumen of the flexible tubing or in a notch created in 
the side wall of the flexible tubing which communicates 
with the third lumen. The size of the crossbar is selected 
so that It cannot be pulled into the third lumen. In this 
arrangement pulling on the puller wire results in deflec- so 
tion of the flexible tubing of the tip sectbn in the direction 
of the third lumen. It is understood that the T-bar anchor 
may be secured in the notch in the side wall of the tip 
section tubing, if desired, as described in the above- 
mentioned U.S. Patent Application Nos. 09/1 34,009 and ss 
09/009.769. Alternatively, the puller wire may be sol- 
dered or welded to the cup electrode. 
[0048] To prevent deflection of the catheter body 



when the puller wire is pulled, there is provided a com- 
pression coil 17 in surrounding relation to the portion of 
the puller wire extending through the catheter body. The 
compression coil 17 extends from the proximal end of 
the catheter body 11 to the distal end of the catheter 
body 19 or the proximal end of the tip section 12. TYe 
compressk)n coil 1 7 may be made from any suitable ma- 
terial, but is preferably made from stainless steel. The 
compression coil 1 7 is tightly wound on itself to provide 
flexibility, i.e., bending, but to resist compression. The 
inner diameter of the compression coil is slightly larger 
than the diameter of the puller wire. For example, when 
the puller wire 1 8 has a diameter of about 0.007 inches, 
the compression coil 1 7 preferably has an inner diame- 
ter of about 0.008 Inches. The Teflon® coating of the 
puller wire 1 8 allows it to slide freely within the compres- 
sion coil 17. Along its length, the outer surface of the 
compression coil is covered by a flexible, nonconductive 
sheath to prevent contact between the compression coil 
1 7 and any of the lead wires 1 6. A nonconductive sheath 
made of polylmide tubing is presently preferred. Such 
an arrangement involving a compression coil in sur- 
rounding relation to a puller wire is described in U.S. 
Patent Application No. 08/982,667 to Klumb, et al. filed 
on December 12, 1997 which is incorporated fully herein 
by reference. 

[0049] The compression coil 17 is preferably an- 
choredat its proximal end to the proximal end of the stiff- 
ening tube in the catheter body 11 by a glue joint and at 
its distal end to the distal and of the catheter body 11 or 
the proximal end of the tip section 1 2. by another glue 
joint. Both glue joints are preferably comprised of poly- 
urethane glue or the like. 

[0050] Longitudinal movement of the puller wire is 
controlled by control handle 13. The control handle may 
be of any suitable design. A presently preferred control 
handle for a single puller wire is disclosed in U.S. Patent 
No. Re 34.502 to Webster. Jr. which is incorporated 
herein by reference. Such a handle Is partteularly appli- 
cable if the proximal end of the infusion tube extends 
out of the catheter body terminating in a Luer hub or the 
like. Altematively. if the infusion tube extends through 
the control handle, a control handle as described in U. 
S. Patent applicatbn Serial No. 08/924,339, which is in- 
corporated hereby by reference, is preferred. 
[0051] In another embodiment of the invention as 
shown In FIG. 8 and FIG. 8A, the tip section 12 compris- 
es split tip electrode 20 which is attached directly to the 
flexible tubing 24. That is. there is no bridge tubing. In 
this embodiment, the split tip electrode 20 comprises a 
quad tip electrode as described above. The cup elec- 
trode 36 comprises a cylindrical side wall having an ex- 
terior surface forming a ring electrode. However, in this 
embodiment, there is no recessed proximal portion of 
the sidewall. That is, the entire sidewall of the cup elec- 
trode 36 forms a ring electrode. 
[0052] The flexible tubing 24 comprises five lumens. 
4 symmetrically spaced off -axis lumens 61 and an axial 
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jun ion o2. The flexible tubing 24 comprises an axial bore 
63 at its distal end having a dianneter slightly larger than 
the outer diameter of the cylindrical flange 51 of the cup 
electrode 36 to accommodate the safety wires 56 and 
cup electrode lead wire 1 6 which is wrapped around the 
outer circumference of the cylindrical flange 51. If de- 
sired, the distal ends of the safety wires 56 may be flat- 
tened to reduce the diameter of the trepanned hole 63 
in the flexible tubing 24 needed to accommodate the cy- 
lindrical flange 51 and safety wires 56 wrapped therea- 
bout. 

[0053] The infusion tube 1 4 extends through the axial 
lumen 62 of the flexible tubing 24. through the flange 51 
of the cup electrode 36 and directly into the central irri- 
gation channel 40 of the quad tip electrode. As de- 
scribed above, the infusion tube may be a single elon- 
gated tube or may comprise discrete proximal and distal 
sections. 

[0054] The electrode lead wires 1 6. preferably enam- 
eled wire pairs as described above, for the electrode 
members 33 of the quad tip electrode extends through 
one (or more) of the off-axis lumens 62. A small gap 64 
is provided between the distal end of the flexible tubing 
24 and the proximal end plate of the cup electrode 36. 
Within this gap 64, the electrode lead wires 16 which 
are not aligned with a pass through bore in the cup elec- 
trode 36 may pass from the off-axis lumen(s) 61 to pass 
through bores 54 of the cup electrode 36 and then into 
the electrode lead bores 42 of the electrode members 
33 of the quad tip electrode 30 where they are fixedly 
attached. 

[0055] In this embodiment, there are two puller wires 
18 which extend through the catheter body 11 and into 
diametrically opposed off-axis lumens 61 in the flexible 
tubing 24. The distal ends of the puller wires 18 prefer- 
ably comprise T-bar anchors 65 as described above and 
are preferably anchored by glue 66 In notches 67 in the 
side wall of the flexible tubing 24 as shown in Fig. 8A 
and as described in U.S. Patent Application Nos. 
09/134,009 and 09/099,769. Alternatively, the distal 
ends of the puller wires may be soldered or welded di- 
rectly to the proximal end plate of the cup electrode 36. 
[0056] The cup electrode 36 is fixedly secured to the 
distal end of the flexible tubing 24 by polyurethane glue 
or the like which fills the gap 64. 
[0057] In yet another embodiment of the Invent ton 
shown in FIG. 9. the tip section comprises a section of 
flexible tubing 24. a bridge tubing 22 and the split tip 
electrode 20 comprises a quad tip electrode, but no cup 
electrode. In such an embodiment, the recessed stem 
32 of the quad tip electrode extends directly into the dis- 
tal end of the bridge tubing 22 and is secured therein by 
polyurethane glue or the like. 

[0058] At its proximal end, the bridge tubing 22 re- 
ceives the recessed distal end of the flexible tubing 24. 
The flexible tubing 24 preferably comprises three off-ax- 
is lumens, as described with respect to the embodiment 
of FIGS. 1-7, through which an infusion tube 14. elec- 



trode lead wires 16 and a puller wire 13 extend. It is un- 
derstood that, if desired, three lumen flexible tubing 24 
may be used in which all lumens are diametrically 
aligned. A three off-axis lumen is preferred, however, 
s because it provides superior strength. If bidirectional ca- 
pability is desired, the flexible tubing preferably compris- 
es four off -axis lumens, and the puller wires 18 extend- 
ing through diametrically opposed off-axis lumens. 
[0059] If desired, an electrically isolated ring elec- 
10 trode 58 may be mounted around the distal end of the 
bridge tubing 22 as shown in FIG. 10. In such an em- 
bodiment, the lead wire for the ring electrode extends 
through a small hole in the bridge tubing 22 and across 
the exterior surface of the bridge tubing to the electrode 
58. The lead wire is covered and the hole in the bridge 
tubing is fllled with polyurethane resin or the like. More 
than one ring electrode may be carried by the bridge 
tubing or the flexible tubing. 

[0060] In a further embodiment of the InventkDn as 
shown in FIG. 11. the tip section 12 carries an electro- 
magnetic sensor 71 within the bridge tubing 22. In this 
embodiment, the split tip electrode 20 may (as shown) 
or may not comprise a cup electrode 36, as desired. The 
flexible tubing 24 comprises at least three off -axis lu- 
mens, one for a cable 72 which extends from the elec- 
tromagnetic sensor 71 through the tip section 12. cath- 
eter body It. and handle 13 to a connector for connec- 
tion to a signal processing and imaging means. If de- 
sired, a circuit board can be provided in the control han- 
dle. The sensor cable is connected to the circuit board, 
which ampliflesthe signal received from the electromag- 
netic sensor and transmits it to a computer in a form un- 
derstandable by the computer. The other two lumens in 
the flexible tubing are for the infusion tube 14 and elec- 
trode lead wires (not shown) and for a puller wire (not 
shown). Again, if bidirectional capability is desired, a 
fourth off-axis lumen in the flexible tubing would be re- 
quired for the second puller wire. Suitable electromag- 
netic sensors and signal processing and Imaging means 
are commercially available from Cordis Webster. Inc.. 
and are described in U.S. Patent Nos. 5,558,091, 
5,443,489, 5.480.422, 5,546,951, 5,568,809. and 
5.391,199 and International Publicatton No. 
W095A)29g5 which are incorporated herein by refer- 
ence. 

[0061] In this embodiment, the bridge tubing 22 is suf- 
ficiently long to allow the Infusbn tube 14 to curve 
around the electromagnetic sensor 71 and into the axial 
flange 51 of the cup electrode 36 into the central irriga- 
tion channel 40 in the quad tip electrode. 
[0062] It is to be understood that, with respect to the 
embodiments described above comprising a single pull- 
er wire, the catheter may comprise two or more puller 
wires. Likewise, those embodiments described above 
comprising a pair of puller wires may, if desired, com- 
prise only a single puller wire. In an embodiment com- 
prising a pair of puller wires, the flexible tubing 24 of the 
tip section 1 2 would preferably comprise four off-axis lu- 
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mens. Tne puller wires would preferably exlend into di- 
ametrically opposed off axis lumens and be anchored 
at the distal end of the flexible tubing as described 
above. Control handles for manipulating a pair of puller 
wires are well known. Preferred control handles are de- 
scribed in U.S. Patent Nos. Re 34,502 to Webster. Jr., 
and U.S. Patent Application Serial Nos. 08/924,611, 
08/982.113, 09/134.009, and 09/143,426 to Webster, 
Jr.. and 09/130.359 to Ponzi, all of which are incorpo- 
rated herein by reference. 

[0063] In the event that an omnl-directional capability 
is desired, the catheter may comprise three or more, and 
preferably four puller wires. In such an embodiment, the 
flexible tubing of the tip section would preferably com- 
prise four off-axis lumens, one in each quadrant, 
through which the puller wires extend. A central lumen 
in the tip section would preferably be provided to accom- 
modate the infusion tube and electrode lead wires. Such 
an arrangement of lumens and puller wires and a control 
handle for manipulating the puller wires is disclosed in 
U.S. Patent Application Serial No, 08/924,611 to Web- 
ster, Jr., which is incorporated herein by reference. 
[0064] It is to be understood that any suitable means 
for controllably deflecting the tip section in one or more 
may be used. Examples of other such means can be 
found in U,S. Patent Nos. 5,656,030 to Hunjan, et al, 
5,195,968, 5,254.088. 5336:189, 5,531^686 to Lun- 
dquist. et al, 5,273,535, 5,281,217. 5,370.678 to Ed- 
wards, et al, 5.358,478 to Thompson, et al, 5,364,351 
and 5,456,664 to Hemzelman, all of which are incorpo- 
rated herein by reference. 

[0065] It is understood that any construction providing 
a split tip electrode comprising two or more electrode 
members may be used in this invention. The presence 
of a cup electrode, while preferred is not required. Like- 
wise, the presence of a bridge tubing is preferred, but 
not required. 

[0066] The ablation system comprises a first RF gen- 
erator for generating a low level RF impedance current 
and a second RF generator for generating an RF abla- 
tion current. 

[0067] The low level RF impedance current may be 
any current having a power level and frequency which 
allov^ detection of impedance without abtathg the tis- 
sue or creating fibrillation. I.e., resulting in muscle cap- 
ture, and preferably is at a frequency that tends to max- 
imize the difference in impedance of tissue as compared 
with blood pool. A current of 2 microamperes at 50 KHz 
is presently preferred. 

[0066] The RF ablation current may be any current of 
sufficient power and frequency to ablate myocardial tis- 
sue. An ablatk>n current of from about .25 to about 1 .0 
amperes or more, preferably about .5 to .75 amperes, 
at a frequency of from about 400 to about 700 KHz. and 
preferably about 500 KHz. Higher power levels which 
result in deeper tissue lesions are preferred as long as 
charring of the tissue surface can be avoided, e.g.. by 
irrigation, and steam pops can be avoided. 



[0069] The first and second RF generators may be 
two separate devices or, as shown in FIG. 1, may be 
connbined into a single device. A presently preferred RF 
generator is the Stockert EP/Shuttle RF generator which 
5 is commercially available from Cordis Webstiar, Inc. This 
generator includes means for generating a low level RF 
impedance current and an RF ablation current. This RF 
generator also comprises nneans for receiving imped- 
ance signals associated with each of the electrodes and 
10 filters for separating these signals from the RF ablation 
currents in order to obtain clear impedance signals 
which rnay be recorded and/or displayed. This genera- 
tor comprises displays for displaying the temperature 
and impedance associated with an electrode member 
and a switch for selectively switching each of the dis- 
plays from one electrode member to another. The Stock- 
ert RF generator also comprises a display for showing 
the amount of time which has elapsed during which RF 
current is delivered to the ablating electrode member(s). 
It also has a safety shut-off which shuts off the RF ab- 
lation current if the temperature or impedance reaches 
a select predetermined level. 

[0070] The monitor/display may comprise one or 
more suitable devkses for receiving signals indicative of 
the electrical activity of the heart, temperature of the 
electrode members and/or impedance associated with 
each of the electrode members and for generating a dis- 
play and/or record of the received signals. As noted 
above, a display/monitor for displaying and/or recording 
the electrode member temperature and impedance may 
be incorporated into the RF generator. Altematively, it 
rnay be built into the signal processor (discussed be- 
low), independent stand alone displays may be used as 
desired. Suitable display/monitors for receiving and dis- 
playing electrical signals received from a pair of elec- 
trode members as a bipolar electrogram are commer- 
cially available, e.g., from Prucka Engineering. The me- 
tering pump may be any suitable metering pump capa- 
ble of metering an amount of from about 5 to about 60 
cc/min., and preferably from about 20 to about 40 cc/ 
min., of a cooling fluid, e.g., a saline solution, into and 
through the infusion tube of the irrigated tip electrode 
catheter. The ^4a^k V Plus injection pump commercially 
available from Medrad, Inc.. or the Model 71 00 volumet- 
ric infusion pump available from IVAC Medical Systems 
are examples of suitable metering pumps for use In the 
present invention. 

[0071 ] The signal processor may be any programma- 
ble microprocessor or the like. The signal processor is 
electrically connected to the RF generator(s). the mon- 
itor/display and the pump, as well as the split tip catheter 
and the reference electrodes. In a preferred embodi- 
ment, the signal processor is programmed to activate 
the RF generator to generate a low level RF impedance 
current, e.g., about 2 microamps at about 50 KHz, and 
to transmit such current to each of the electrode mem- 
bers of the split tip electrode. The signal processor then 
receives signals indicative of the impedance associated 
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v*;:n each electrode member, compares those imped- 
ance signals and determines which electrode members 
are associated with the highest impedances. The signal 
processor then automatically activates the RF generator 
to generate an RF ablation current and to transmit that 
current only to those electrode members determined to 
be in best contact with the myocardium. 
[0072] During ablation, irrigation is used to Keep the 
ablating electrode members cool. It also reduces the 
temperature of the tissue at the tissue-electrode inter- 
face. This allows for higher RF current to be used result- 
ing in deeper heating, i.e.. the nriaximum tissue temper- 
ature would be below the surface rather than at the sur- 
face, and a larger lesion. Irrigation, however, causes the 
temperature of the electrode to be significantly less than 
that of the tissue at the tissue-electrode Interface. For 
this reason, it is preferred to use intermittent Irrigation 
so that, during the periods of no irrigation, the temper- 
ature of the electrode members in contact with the tissue 
will rise and better approximate the tissue surface tissue 
temperature. During the periods when irrigation is 
stopped, it Is preferred to also cease the transmission 
of RF ablation current. 

[0073] Accordingly, during the ablation procedure, the 
signal processor activates the pump to pump saline so- 
lution or other cooling fluid through the catheter to cool 
the ablating electrode members. Preferably, the signal 
processor is programmed to activate the pump and RF 
generator intermittently. i.e., to activate the pump and 
RF generator for a select period of time, preferably from 
about 1 to about 10 seconds and more preferably about 
5 seconds, and then deactivate the pump and RF gen- 
erator for another period of time, preferably from about 
1 to about 1 0 seconds, more preferably about 5 seconds 
and to continuously repeat this cycle. 
[0074] During ablation the signal processor receives 
signals from the thermocouple or thermistor associated 
with each of the electrode members, the signals being 
indications of the temperatures of the electrode mem- 
bers, particularly at the end of a cycle wherein the irri- 
gation and RF ablation current are shut off. These tenrv 
perature signals are used to provide an estimate of the 
temperature of the tissue at the tissue electrode mem- 
ber interface. The signal processor Is programmed to 
reduce or terminate the transmission of RF ablatbn cur- 
rent when the temperature of an ablating electrode 
member reaches a predetermined level, e.g., 90* C. 
[0075] During the ablation process, the signal proces- 
sor preferably activates the RF generator to continue to 
transmit low level RF current signals to each of the elec- 
trode members and receives signals indicating the im- 
pedance through the blood and/or tissue during the ab- 
lation procedure associated with each such electrode 
member. The signal processing unit determines the dif- 
ference in impedance signals associated with those 
electrode members in contact with the myocardium and 
those in contact only with the blood pool. As the tissue 
heats up during the ablation procedure, the Impedance 



through ihe tissue decreases whereas trie impedarice 
through the blood pool generally remains the same. The 
difference in impedance through the tissue as compared 
to through the blood, provides an indication of the max- 

s imum temperature of the tissue. The signal processor Is 
therefore programmed to reduce or terminate the RF 
current being delivered to the selected electrode mem- 
bers when the impedance associated with those elec- 
trode members drops to a predetermined level or when 

10 the difference between the impedance associated with 
the ablating electrode members in contact with the my- 
ocardium and the impedance associated with the elec- 
trode members In contact only with the blood pool reach- 
es a predetemiined level. 

IS [0076] For a given set of parameters, e.g.. power lev- 
el, frequency, amount of irrigation, cycling periods, an- 
gle of the ablation electrode, etc., the correlation be- 
tween temperature and impedance may be determined, 
for example, by In vivo testing on dogs. A preferred test 

20 comprises a series of ablations under controlled condi- 
tions using, e.g., dog thigh muscle. The temperature of 
the muscle at various depths can be measured using a 
fluoroptic thermal probe, ag.. Luxtron model 3000 or the 
like, and correlated against measured impedance. A 

^5 testing procedure suitable for use in the present inven- 
tion is described in 'Comparison of In Vivo Tissue Tem- 
perature Profile and Lesion Geometry tor Radiofrequen- 
cy Ablation With a Satine-lrrigated Electrode Versus 
Temperature Control in a Canine Thigh Muscle Prepa- 
re ration"^ Circulation . 1995; 91:2264-2273, and Inverse 
Relationship Between Electrode Size and Lesbn Size 
During Radiofrequency Ablation With Active Electrode 
Cooling. Circulation . 1 998; 98:458-465, which are Incor- 
porated herein by reference. From such testing, a cor- 

55 relation between measured impedance, and maximum 
tissue temperature can be obtained. The signal proces- 
sor is programmed to reduce or shut down the transmis- 
sion of RF ablation current to the electrodes If the max- 
imum tissue temperature of the tissue exceeds a prede- 

40 termined level, e.g., 90*^ C, as detenmined by the imped- 
ance measurements. 

[0077] It is understood that information regarding the 
tissue temperature can be obtained by measuring the 
Impedance associated with only those electrode mem- 

45 bers being used for ablation. However, monitoring the 
Impedance associated with each ablating electrode 
member, i.e., those in contact with the myocardium and 
those non-ablating electrode members in contact with 
only the blood pool, is preferred. In such a system, 

50 changes in impedance due to factors other than the in- 
creasing tissue temperature would not affect, or at least 
would have minimal effect, on the impedance-tempera- 
ture correlation. 

[0078] Monitoring the impedance associated with 
55 each o1 the electrode members during ablation also al- 
lows the electrophysiologist to continue to monitor which 
electrode members are in contact with the myocardium 
and hence, whether the catheter tip has rolled or rotated 
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during ablaiion. 

[0079] It is understood that the signal processor need 
not accomplish all of the functions described above. In- 
deed, nfiany. if not all, of the functions described above 
with respect to the signal processor may be accom- 
plished manually, e.g., by the electrocardiologjst. For 
example, the electrocardiologist may analyze the vari- 
ous impedance measurements described above and 
then manually select, e.g.. by a dial on the RF generator, 
the electrode members in best contact with the myocar- 
dium to receive RF ablation current. The electrocardiol- 
ogist may then manually activate the RF generator to 
generate that RF ablation current. Likewise, the electro- 
cardiologist may monitor temperature and impedance 
readings during ablation and manually reduce or discon- 
tinue RF cun'ent if the temperature arid/or Impedance 
readings indicate excessive tissue temperature. 
[0080] In use, the split tip electrode catheter is Insert- 
ed Into the heart and the split tip electrode Is contacted 
with heart tissue at various locations in the heart to map 
the electrical activity of the heart. At each such location, 
electrode members in contact with the myocardium 
sense electrical signals propagating through the heart. 
By means of the electrode arrangement of the split tip 
electrode at least two electrodes will be in contact with 
the myocardium. If the tip is lying parallel to the tissue 
or at an angle of less than about SO" to about 45*, the 
ring electrode is also in contact with or close to the my- 
ocardium. This enables two orthogonal electrical sig- 
nals, each with a voltage level and polarity, to be sensed, 
which provides sufficient data to detemnine excitation 
wave front direction. If the split tip electrode is oriented 
perpendicular to the endocardial surface, all four of the 
hemispherical electrode members of the split tip elec- 
trode would be in contact with the myocardium. In this 
orientation, at least two orthogonal electrograms can be 
obtained from the four hemispherical electrode mem- 
bers. This also provides sufficient data to detemnine a 
wave front direction. 

[0081] Once the endocardium is sufTiciently mapped 
to determine the location to be ablated, the electrode 
members of the split tip electrode in good contact with 
the endocardial tissue are determined. This is done by 
delivering a low level RF current, e.g., about 2 microam- 
peres at about 50 KHz, to each electrode member of the 
spirt tip electrode. The impedance between each such 
member and a reference electrode(s) such as a skin 
patch electrode(s) on the patient is then measured. The 
impedance associated with those electrode members In 
contact with the tissue will be higher than those that are 
surrounded by the blood pool. Accordingly, the elec- 
trode member(s) with the highest impedance will be the 
one(s) in best contact with the endocardial tissue. 
[0082] Once the ablation site has been located and 
the electrode members most fully in contact with the en- 
docardial tissue have been identified, RF current for ab- 
lation is selectively delivered to those electrode mem- 
bers. RF energy is delivered at a power level and at a 



irequency and tor a time sufficient to kill enough heart 
tissue to interrupt the aberrant electrical pathway A time 
generally in the range of from about 30 seconds to about 
2 minutes is typical. 
5 [0083] During ablation, It is important to prevent char- 
ring of the surface of the myocardium and overheating 
of the deep heart tissue which could result in 'steam 
pops." Accordingly, temperature of the tissue is prefer- 
ably monitored in two ways. First, each electrode mem- 
10 ber of the split tip electrode has a temperature sensor, 
e.g., a thermocouple or thermistor, associated with it. 
The temperature of the endocardium at the interface 
with the electrode, Is estimated by monitoring the tem- 
perature of the electrode members in contact with the 
15 endocardium. Preferably, the electrode members are ir- 
rigated during ablation. This allows the temperature of 
the electrode members to be controlled so that a greater 
amount of RF current can be delivered through the elec- 
trode members without excessive temperature rise. Ir- 
20 rigation, however, creates a greater differential between 
electrode temperature and tissue interface temperature. 
As a result, im'gation and the delivery of RF ablation cur- 
rent is preferably intermittent, with periods of irrigation 
and RF ablatbn current separated by periods of no irri- 
gation and no ablation curent. During the latter periods, 
the temperature of the electrode members in contact 
with the tissue will rise to a temperature more indicative 
of the tissue interface temperature. 
[0084] As a result of the greater RF current which can 
be used with an irrigated ablation electrode, the tissue 
below the interface, which tends to heat nrrcre slowly, 
will rise to a temperature greater than that at the inter- 
face. This temperature is estimated by monitoring the 
impedance associated with each of the electrode mem- 
bers. As the tissue heats, the tissue Impedance de- 
creases whereas the impedance of the bkxxi pool re- 
mains essentially constant. Hence, by monitoring the 
impedance associated with the electrode members in 
contact with the tissue and comparing the decrease in 
that impedance to the impedance associated with non- 
tissue contacting electrode members and correlating 
that impedance difference with temperature (as de- 
scribed above), the maximum tissue temperature can 
be estimated and excessive rise In tissue temperature 
can be avoided. 

[0085] If desired, the split tip electrode catheter nnay 
be equipped with an electromagnetic sensor positbned 
proximal to the spirt tip electrode. The electromagnetic 
sensor in combination with suitable signal processing 
and imaging means, as described above, allow for the 
generation of a three-dimensional image of the interior 
contours of the heart chamber in which the distal tip of 
the catheter is located and to monitor the location of the 
split tip electrode within that heart chamber. 
[0086] The preceding description has been presented 
with reference to presently preferred embodiments of 
the invention. Workers skilled in the art and technology 
to which this invention pertains will appreciate that al- 
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.c.jlu:^,]^ and wi-.^.»gt2s in the described structure may 
be practiced without meaningfully departing from the 
principal, spirit and scope of this invention. Accordingly, 
the foregoing description should not be read as pertain- 
ing only to the precise structures descnbed and illustrat- 
ed in the accompanying drawings, but rather should be 
read consistent with and as support to the following 
claims which are to have their fullest and fair scope. 



Claims 

1. A system for identifying electrode members of a 
split tip electrode in contact with myocardium com- 
prising: 

a split tip electrode catheter comprising: 

an elongated catheter body having a prox- 
imal and distal end and at least one lumen 
extending therethrough; 
a catheter tip section at the distal end of the 
catheter body comprising a sectbn of flex- 
ible tubing having proximal and distal ends 
and at least one lumen therethrough, the 
proximal end of the flexible tubing being fix- 
edly attached to the distal end of the cath- 
eter body, said catheter tip section further 
comprising a split tip electrode which com- 
prises at least two electrically isolated elec- 
trode members fixedly attached to the dis- 
tal end of the flexible tubing, wherein each 
electrode member has a pair of interior flat 
sides and an exterior contact surface, and 
further wherein each interior flat side is ad- 
jacent to an interior flat side of another 
electrode member and electrically isolated 
therefrom; 

at least one reference electrode attachable to 
the exterior of a patient; 
a low level RF impedance current generator for 
delivering said current to each electrode mem- 
ber of the split tip electrode; and 
a programmable signal processor for receiving 
electrical signals Indicative of the impedance 
between each of the electrode members of the 
split tip electrode and the at least one reference 
electrode, said signal processor being pro- 
grammed to identify the electrode member(s) 
associated with the highest impedance signal 
(s) received as the electrode member(s) in con- 
tact with the myocardium. 

2. A system as claimed in claim 1 wherein the low level 
RF impedance current has ampere level and fre- 
quency that allows detection of impedance without 
ablating tissue in contact with the split tip electrode 



20 

3. A system as claimed in claim 2 wherein the ampere 
level and frequency selected are ones with which 

s there is a measurable difference in impedance of 
tissue as compared to the blood pod. 

4. A system as claimed in claim 1 wherein the system 
further comprises an RF ablation current generator 

10 for delivering said ablation current to each of the 
electrode members of the split tip electrode and 
wherein the signal processor is electrically connect- 
ed to the RF ablation current generator and is fur- 
ther programmed to activate the RF ablation current 

^5 generator to generate an RF ablation current and 
to deliver said ablatbn current to only the electrode 
member(s) in contact with the myocardium. 

5. A system as claimed In claim 4 wherein each elec- 
20 irode member of the split tip electrode comprises at 

least one irrigation passage and wherein the sys- 
tem further comprises a metering pump for pumping 
a cooling fluid through the catheter and the at least 
one irrigation passage in each electrode member to 
2S cool the electrode members during ablation. 

6. A system as claimed in claim 5 wherein the signal 
processor is further programmed to activate the 
pump to pump cooling fluid through the catheter to 

30 cool the electrode members while an RF ablation 
current is being transmitted to one or more elec- 
trode members. 

7. A system for ablating tissue and estimating the 
^ maximum sub-surface temperature of said tissue 

comprising: 

a split tip electrode catheter comprising: 

40 an elongated catheter body having a prox- 

imal and distal end and at least one lumen 
extending therethrough; 
a catheter tip section at the distal end of the 
catheter body comprising a section of fiex- 
^ ibie tubing having proxinnal and distal ends 

and at least one lumen therethrough, the 
proximal end of the flexible tubing being fix- 
edly attached to the distal end of the cath- 
eter body, said catheter tip section further 
5^ comprising a split lip electrode which com- 

prises at least two electrically isolated elec- 
trode members fixedly attached to the dis- 
tal end of the flexible tubing, each electrode 
member comprising at least one irrigation 
^ passage and having a pair of interior flat 

sides and an exterior contact surtace, 
wherein each interbr fiat side of one elec- 
trode member is adjacent to an interior flat 
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side of another electrode member and 
electrically isolated therefrom; 

at least one Indifferent electrode attachable to 
the exterior of a patient; s 
a low level RF impedance current generator for 
transmitting said impedance current to each 
electrode member of the split tip electrode; 
an RF ablation current generator for transmit- 
ting said ablation current to each electrode io 
member of the spilt tip electrode; 
one or more connectors for electrically connect- 
ing each electrode member of the split tip elec- 
trode to the low level RF impedance cun"ent 
generator and the RF ablation current genera- is 
tor. 

a receiver for receiving electrical signals indic- 
ative of the impedance between each electrode 
member and the at least one Indifferent elec- 
trode during the transmission of RF ablation 
current and for separating such impedance in- 
dicating signals from other received signals; 
and 

a programmable signal processor, electrically 
connected to the RF impedance current gener- 2S 
ator, the RF ablation current generator, each of 
the electrode members of the split tip electrode, 
the at least one indifferent electrode and the re- 
ceiver, said signal processor being pro- 
grammed to simultaneously activate the RF im- 30 
pedance current generator and the RF ablation 
current generator to transmit RF impedance 
current and to estimate the maximum sub-sur- 
face temperature based on the received elec- 
trical impedance-indicating signals. 3S 

8. A system as claimed in claim 1 or claim 7 wherein 
the split tip electrode comprises four electrode 
members arranged symmetrically around a longitu- 
dinal axis of the tip section. 40 

9. A system for ablating tissue and estimating the sur- 
face and maximum sub-surface temperature of said 
tissue comprising: 

45 

a split lip electrode catheter comprising: 

an elongated catheter body having a prox- 
imal and distal end and at least one lumen 
extending therethrough; so 
a catheter tip section at the distal end of the 
catheter body comprising a section of flex- 
ible tubing having proximal and distal ends 
and at least one lumen therethrough, the 
proximal end of the flexible tubing being fix- ss 
ediy attached to the distal end of the cath- 
eter body, said catheter tip section further 
comprising a split tip electrode which com- 



prises at least two electrically isolated elec- 
trode members fixedly attached to the dis- 
tal endof the flexible tubing, each electrode 
member comprising at least one irrigation 
passage and having a pair of interior flat 
sides and an exterior contact surface, 
wherein each interbr flat side of one elec- 
trode member is adjacent to an interior flat 
side of another electrode member and 
electrically isolated therefrom; 

at least one indifferent electrode attachable to 
the exterior of a patient; 
a low level RF impedance current generator for 
transmitting said impedance current to each 
electrode member of the split tip electrode; 
an RF ablation current generator for transmit- 
ting said ablation current to each electrode 
member of the split tip electrode; 
one or more connectors for electrically connect- 
ing each electrode member ofthe split tip elec- 
trode to the bw level RF impedance current 
generator and the RF ablation current genera- 
tor; 

a pump for infusing a cooling fluid through the 
catheter and each of the electrode members to 
cool the electrode members during ablation; 
a temperature sensor attached to each elec- 
trode member of the split tip electrode for gen- 
erating a signal indicative of the temperature of 
the electrode member to which it is attached; 
a receiver for receiving electrical signals indic- 
ative of the impedance between each electrode 
member and the at least one indifferent elec- 
trode during the transmission of RF ablation 
cunrent and for separating such impedance In- 
dicating signals from other signals received; 
and 

a signal processor electrically connected to the 
RF impedance current generator, the RF abla- 
tion current generator, the pump, each of the 
electrode members of the split tip electrode, the 
at least one indifferent electrode, the tempera- 
ture sensor, and the signal receiver, for activat- 
ing the RF impedance generator to transmit an 
impedance current to each of the electrode 
members of the split tip electrode, for receiving 
electrical signals indicative of the impedance 
between each of the electrode members of the 
split tip electrode and the at least one reference 
electrode and for identifying the electrode 
member(s) associated with the highest imped- 
ance signal(s) received as the electrode mem- 
ber(s) in contact with tissue, and thereafter for 
intemiittently activating the pump and the RF 
ablation current generator so that there are ON 
periods wherein cooling fluid is delivered to the 
electrode members and RF ablation current Is 
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^mittod lo the ideniified lissue-contacting 
electrode members and OFF periods wherein 
no cooling fluid is delivered to the electrode 
members and no RF ablation energy is trans- 
mitted to the identified tissue-contacting elec- 
trode members for estimating the surface tem- 
perature of tissue in contact with the electrode 
members from the signals received from the 
temperature sensor during the OFF periods, for 
activating the RF impedance current generator 
to transmit impedance current to the electrode 
members of the split tip electrode during at 
least the ON periods and for estimating the 
maximum sub-surface temperature of tissue 
heated by the RF ablation current from the re- 
ceived impedance-indicating signals. 

10. A system as claimed in claim 7 or claim 9 wherein 
the signal processor Is further programmed to de- 
activate the RF ablation current generator if the es- 
timated maximum sub-surface temperature reach- 
es a predetermined temperature. 

1 1 . A system for ablating tissue and estimating the sur- 
face temperature of said tissue comprising: 

an electrode catheter comprising: 



RF sblaiion curr i ^^jncru:^., u .^ jju.T.p, ...c up 
electrode and the temperature sensor, said sig- 
nal processor being programmed to intermit- 
tently activate the pump and the RF ablation 

5 current generator so that there are ON periods 

wherein cooling fluid is delivered to the tip elec- 
trode and RF ablation current is transmitted to 
the tip electrode and OFF periods wherein no 
cooling fluid is delivered to the tip electrode and 

10 no RF ablation energy is transmitted to the tip 

electrode and wherein the signal processor is 
further programmed to estimate the surface 
temperature of tissue In contact with the tip 
electrode from the signals received from the 

IS temperature sensor during the OFF periods. 

12. A system as claimed In claim 11 wherein the signal 
processor is programmed to deactivate the RF ab- 
lation current generator If the estirnated surface 
^0 temperature reaches or exceeds a predetermined 
temperature. 



2S 



an elongated catheter body having a prox- 
imal and distal end and at least one lumen 30 
extending therethrough; 
a catheter tip section at the distal end of the 
catheter body comprising a section of flex- 
ible tubing having proximal and distal ends 
and at least one lumen therethrough, the 55 
proximal end of the flexible tubing being fix- 
edly attached to the distal end of the cath- 
eter body, said catheter tip section further 
comprising a tip electrode fixedly attached 
to the distal end of the flexible tubing, said 40 
tip electrode comprising at least one Irriga- 
tion passage; 

an RF ablation current generator for transmit- 
ting said ablation current to the tip electrode; 4s 
one or more connectors for electrically connect- 
ing each electrode member of the split tip elec- 
trode to the low level RF impedance current 
generator and the RF ablation current genera- 
tor, so 
a pump for infusing a cooling fluid through the 
catheter and the at least one Irrigation passage 
of the tip electrode to cool the electrode during 
ablation; 

a temperature sensor attached to the tip elec- ss 
trode for generating a signal indicative of the 
temperature of the electrode; and 
a signal processor electrically connected to the 
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